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(54) LASER BEAM MACHINING DEVICE 

(57)Abstract: I 
PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object, 
without developing a crack, deviating from a 
predetermined line for welding or cutting on the surface 
of the machining object, and accurately. 
SOLUTION: Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam L onto 
the predetermined line 5 for cutting, under the condition 
of causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 
along the predetermined line 5 for cutting making the 
reforming area the starting point, the machining object 1 
can be cut with a comparatively small force. Since in the 
irradiation of the laser beam L, the pulse laser beam L is 
hardly absorbed on the surface 3 of the machining 
object 1, the surface 3 is not melted, caused by the 
formation of the reforming area. By adjusting the 
repetitive frequency of the pulse laser beam L or 
relative moving velocity of the condensing point P of the pulse laser beam L, the pitch of a 
reforming spot is controlled. 
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(57) [B*j] 

[RSI] »DX#&&©*®}C&^tt»r?^-f>J&> 

* WW -i- s c i *ir * 4 u -if traxsa^s^-r 4 c 

i. 

itffi 3t1^ * U - if # l*s« «t ^ i'tRiR $ 4a ft t =>© 
/-fJl/^ U-ifTfeLCDi^Dilbiljg^^^U^ U-if 

*L<0«*j±iP(Dffl*tfl«j»ilr©iSfit*fIffls-r 4 c i KJ: 
<0, StBx*, h©tf»^%Wfl0ori»S. 




5A 



im^m i j 'WAWfi i usWTo^ux u-if* 

m?&$C<Dj; Z 3 (D At) (tcM^ > X m IB u - *fffimfr h m 

(Dt'^^/^-^U X 1 0 s (W/cm 2 ) feLBcfr&J: 

MfBJiPX*f^<D^Bf^^ A >tcjQor^;uj^ u— tf 

8^Bftaucm*j£*^fctf r i ^vu^cd^-jux u-tf^ 
zmmmxttmmtcmmT z> c <t j; o , mibf^spjc i 

u-if^J&friBJDXJtftiBjccMWr & c <t j: o . «re 20 

u-tfjoxiaL. 
toiB u - if *as*> e> m » s *i jux u - if yt<omt& 30 

©f-^A^-Sg^i x l o 5 (w/cm 2 ) JkLhKifc&J: 

SaiaH^^atc £ 0 Sftfc^^u- -tf jftcD«*iS 
?:»PX>Ft^O|^gBCC^^6^i , 

MlBtnx*t^(DW»f^^^ >«c»-?r/^i/^ u-if 
ilJgco A * 3 (DKt) i > r ffir IH£»j*a cc J: 3 ;u 

^ffx, 40 

*«rs5Jnx*t*^ccjHS*-r & c <t tc<£ o , Mrerttttc i 
u-if**fJiBJax^^ccK*f-rscitCctD. fJfB 

? h#JI5j#3ft. 

Sulfi AJj 3 ftfciSKcD:** 3 CcS^C fulfil 



^2 0 0 2- 1 9 2 3 6 8 
2 

«5**a 4 t 

u-if«nx^g 0 
*as*-r^u-if*aai. 

Hjfi»o* # $ ooa^j scg > rfif b u - if h ffi 
«rrsH«»»»#a£. 

itMfsu— tf*ffl* i 6mftfsnfc-'^u^ u-if*©ai** 

Ot'-^^V-WUx 1 0 s (W/cm 2 ) «±fcfc*«fc 

iiffEJlDXStfjfcWCcBIBff S C ice J: 0 , MIBftgWc 1 

WTfBrtSPCC*^^^^tf 3&»o«rE««fHP*9 -Y 
o r 4 ta*t W oc ^tb 3 tf r , ;b x cd ^*;u x 
u-tf36*fflrEflpx*ta«jfcJSSt-r S c d: cc «fc 0 , MIB 
WW^^ -y >K»ortt8firtapcca»6D«rE«»x# 

m^a&. 
*^a<t, 

ia?iar^*5P hcc^*^a&Etti/ri>4ifffiiBti*a 
»s*ai. 

4«X.^>, If^Sl — 3 0Dli-rh*»{CfBttCDU-tfJDX 

«rttjst-r-5u-if*agi, 

mriBu-tf^^eaiit^n^^'^x u— tfjeonois 
Bui b u - tf e> tai* 3 ft fc>> u - if yt<bmjt& 

OfcT-^^^-apa**! X 1 0 5 (W/cm 2 ) «±(Ctt6J: 



3 

tuiBSI^^CcJ: 0»*Shfe^ u-1f3fecoSI^ 

*fflrfBfiDX*f«iBr{cBSftf*r 6 C £ £c£ 9 , SuiartSKc 1 

o x aye.* **B5*W $ « r , * 0 a;u x 

u - if ft&m^Jlttm.micMM? £ c t *c J: 0 , hubb 

-3c>T, IS9^5iwiB5fcWx*'* hPa©ffiSf£C(E>A# 

u - t> ii l jaaas© a $ * mn-tr & nmm 

[ it 6 ] ttfSBiaa8Ksi»*s«: <£ 9 siff <* n/c js 
m 5 iBigcD u - iffinxiM. 

<Df-9J*V-mm& 1 x 1 0 s (W/cm 2 ) feLBc&^J: 

mmm^mcj: vmytstitcw* is-irytomft&L 

ZmmJuMmmcMMT & c t ic J: 0 , HU8BWSKC 1 

MiertSiJcc*^^^fe#^OHuiB^j»r?^^ >r 
u-if*?rffria»nx>(tm«5^Bss*^€> cacj;^ saia 



C3) ^132 0 0 2- 1 9 2 3 6 8 

4 

«re a«HMH8f*aw: . iwaattaff #scc j: 59 at* $ ft 
/cte^#«jjiSco A£ $ <t & & <t 5 (CBtrfa^tt^stc 

[ »*a 8 ] 151 Bif SiHS^KK i 5 5 ft /c*B» 

7 IBiS© u - if Jj[jX3£g 0 
10 [«*^9 ] />*;MW 1 vslXT<DsVlxi>-iPilt 
ZtiiM? SI/- WtiBt, 

Mre u - if *iS^ 6 UJ« 5 ft tc )i x u - *f%<DW3t& 

<D\z-?rtV-mmttl X 1 0 9 (w/cm 2 ) a±Ktt4J: 
WiBSI^iacCcfc QJtefeSftfc^^^ U-1f3£<D*3fe«S 

*anx3ta«j©wsi5tc^to-es^st , 

SufBftSBtcft^^^fclf r l ^';bxcD^*;uxix— tf* 

u-^s^jjnxwftWcMW-rsciccj:*), fiia 

30 «JK^S^ >Cc?&o rWIBrtSPCcafRoarSEKH^zK 

»5^^B5IB3fe»^si<y hPe1<DSBSfcDA^SC0A*Cca 
»0^5»IB«H^^iy HBJCDE«*C;<3!>A* 
3 cc -r fca6tc , una u - If 6 ffl*f 3 ft S ^ 
u - If *cd« DiMU ^iS^KoA * $ i Mi B^IS^KCC J: 

u ^tf*(D*^^a*f^s6iijaoA# ^ 4 

mTfa^iSIS[Pia5^g«, WK«^tol*at)»^l2tcj:0 
3 ft 1cmmtL<DjK * S <b «c 5 J: ^ CcByf B U - 1^6» 
40 *6fflS*3ft4^vu^u-if*©sii5iioja^C!>A# 

» 3 fttetB*fW»»iSff(3D A* S 4 & S J: 5 Ccb5Ib^Kj 
J: brttox u -1f3fe0H^CDffl*fW^«iaiM<D 

1 0 ] NIBIE»^b««ff¥S(c J: 0 ?I#3 

50 c n&M 1 1 ] iiraa««rR£ -7 ^ > k« o r «r r a»nx 



5 

[0 0 0 1 ] 

z n £ u -iffinx^s^c w-r a . 

[0 0 0 2] 

[t£3fc<D&ffij] U-1fj£JBCD — 3CC<BK***tK U-1f 
— !f 3teo»JRfc J: 0 WW* SffiBf «:*jc»r »PX«*»<0 

*® ^ 6 a® tc fpj w r im&m * jifT s ■» r fiox*t*!Bj 
£<?jWir& Q u^u co^ffir«»Dx*ffi!B5oaffi<D 

[0 0 0 3 ] 

[ »9i*s)Btt: u <fc 5 i -r 4 mm j finx#m^©sifficD*g 

«t*SS±-rS^ffiiOr, WiLtf, HI2 0 0 0-2 1 
9 5 2 8#£i«*«FHJ2 0 0 0-1 5 4 6 
^Sft/cU-lf{cJ:4^JBf^£365**o Cft&<D2?*<D 
«JBr^Fi*r«, »nxS*«l19©«JBr-r5B9f4u--if3tefC 

J:Dfin*tu ^LrMxst^ttij^aj-ricicc^o, 
flpx^afeoWKf-r^a^c^s^^i; s-ttraii*f 

[0 0 04] L,j!pU Ch60S«O{OK^ffitB k flD 
X*f««5C*i; SUMMIT* C> 4. tfOX^HacD^ffi 

4#*5. J:.t ( CfteoWK^rffirwWffiWSr*^ 

$ *s«-?>«g/< # - 
[0005] *«Ba<oawB. flDn3**«j©«Hfc^ 

g& S (ft S^Ci)tc<*o^ ©St® rt^Ifi L & 

c> u — tf sni»B£««-r ^cir^^ 

[0 0 0 6] 



(4) «pM2 0 0 2- 1 9 2 3 6 8 

6 

g^lxio 5 (w/cm 2 ) JW±&c&£<£^c;^xu--!f 

u-lf^©^*^ax^a^cD^tc^i±4^ 
10 K4, ax»*W©tt»rF3E7-r>CCjSoT^U^u- 

x., J]nx*ta!ft<z>rt8Bfc:Si^*^to#r l -rc;u*©r* 
jux u-if **jpxs*»«jtcj({i»f-r 4 c 4 cc j: o finx*t 

***IIX»**Cc|iBfT*C4K:J:r), «J»rPS^> 

^»or]apx»*«<Drt»cca«©3sc»^*y i-jwbss 
20 hmofm*mxr&wmM&8tt* mmm 

[0 00 7] **WfC»5 U-1fjDX«KCC J:ti«, ft] 

KT*«9ffcH6*©ie^[*s*4 4, *DX>tfll%^i:b?5 

4u-iftoXRg^j:ft«, ft«tim«rej£4Lr«iK 
30 >Ccf&oTttlX>rtm^I^f(ft4t 4Cci:0, fin 

x*faft*«3Krsci3&sr*s. cfc^r, tk«?w/h? 

^3«4c4tt<JDX«**©^R36SpItt4«cS. & 
WWr^ -/ >KfiaX*f^<D^M^rtgpccH^tc? |^ 
[0 00 8 1 ^/c, *«W5C«4 U-lffiPX^gtC^ft 

h^-t 4 u — tf mxmm tc~o t ti & c 4 -c* 4 . 

[0 00 9] ttc, *^#tcj:fttf, /^U^U-tf* 

3to«*) au««a»t^s < 4, 1 ^-^^cd^*;UX 

4^© 1 /^l/XCD^^UX U-1f*t?^J5S3ft43cKX^ 



[oo io] ctoT, swx]s~ifft(mK)mLmi£.3& 

»«»CC[£cyttt»fJlIX3WlIffii3Q:S. ft*?. fcJBrRe 

mmz ti s c t k j: o 3Jc*ffl«*wse $ n s 0 

[o o l 1 J *fc, tfJnxSSgctJ;*! 
[0012] *«eaK«* u—ymxmmte, j^vxm 

©t:-^A'7-ttaiJ i x i o 9 (w/cm 2 ) Jei_btc«cS<t 

cfc 0JR*Sti^^^ U-1f*CD|i*^j30X*fa^l<D 
rt^K^btf £#l3<t , »DX*f^CDtt3»r^^ 4 >ic 

Mffi^saasBs^ai. aDx»»«j©rt«fc 

WcjRWr JDXJstftftOrtSPK: l ooefc 

fix** h^^sn, anx*t*«cDrt»cc«je^[ft^ 

3-l±T, ^^^^^(D^^;UXb--tf^^j0X^a#3^M^ 
»-*-4ci«c<kr>, W»r^^^>«:}SoraixW»» 

©lE8l#/h3 < ft* J: 5cc*(|fflir*, jMcc^vux u— *f 

st* ** » h v$<D$m&±% cowarc* s c cb 

r, fiPX»*»<D«a^/»s*«ciSi;rctDiEllltait. 

* C <h «: J: 0 , »DX2**ft «: j£ 0 /c^JBrJpX** p!«6 i Sc 



(5) ^2 0 0 2- 1 92 3 6 8 

8 

M * U - If *<0«36M[* @£ L T »X*t*»* ^» 3 
traou flpx^wsHSL/r^vi/^u— ff*© 

Oo 

[0014] *fc, *ssafc^s u— !fflax^gtcj:n 

[ooi5] *mjtfc%& is-if mxmmz, *vmt& 
J^iS<DA£3©A^sca^a>r !f*iH*>6tb 

^*jS*ftIX»**©rt«{c-&b'tt5^Si, JDX*f 

^U-tf^lBX^ftCcPJ^SCitCC^O, ax 

-if^flnx^^icMI^SCcbJcj:^, mm^fc? 
a > tea TJnx»**of*i««caBKcr)gfcK^ # ^ h ^ 

A*3tifcH?fi«(DA#Sijaa©^#Si 
[0016] *»?B5C^-5 U— !fflDXi?a«: <fcti«, 

Mic o o r Wmr * S A ^ 3 ©«ffi£ if ^ tci imffi 
ittS. Sfc, *»e3fc«*U— !fJJDX«»CCcfcntf, 
!fflDXSf«:«D^55fe«^^y hffl©ffild4Si5t: 

[0017] cn^cDu— tfJnx^stc*5i^r, u-if 
anxiattcj:t)»fiS3*is«ii^i<y Ko^fffii^E 



(6) 

9 

0H^©*t3*Hffl*SJ9tt»W»f#R4. u— <f 
y-Sft^i x l o' (w/cnO fel.htcft&Jc^c^ju;* 

f-#*l&3*-i. RO^afrJfX*-.;* HSI©iE8i©A#;* 

©A^tca-^-t. s»)^^fx#7 HH^^si^c 
^- ifTfe©^ 5 ii t just*© a s s a 

5 iHI£3 nfc)Hig$$!©Ai* 3 4 ft 5 J: 5 «: u — !f 

[0019] u— !f jjnx^gcc p 

•J^5S«*#f hP H 1©S^©A#S©A^tC*-3'^ 
fcjfttc, u— yjyg^6ffi*tsns^;^ u— tf3fc©|g 

«S?S^&^{CJ: 9Sff3iTrd3ig&©A£3 4ft 

6 <h "5 K u — tf 6 tHSl § ft & ^VUX u — tf 3fc©Jl 
9&L,M«&©A* S*Wfflsu-ci>*. i^T. P9£ 
55St»^7h rawm*mm<D a# s cc s c & a«-c 

£•5 = 40 

[0020] $^sc{£s u— ifjjnxggfcfco-c, ji 
*JS^«5t*«£«**<J:$«:*Sct#5-e#-S. C 

[0021] xmwicffiz i>— frnxikma. swzia 

© tr- ^ ;\- ? -SUA* lxio' (w/cm J ) &l±K ft 5 J: 50 
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10 

ft^t£fc>-l±£#g4. fcJX*f**©«»M9^>K: 
?So T^vux u -lffc©Si:teS*tBttffJJC;gf&3 tf&g; 

Jmx*ffi^j©F*9SPK:*^4^*D#r l /-ou^©/-? 

U— If jfe=SrftlX«^(cMft-r-5 21 4 tc«fc «3 . SDX 
2t^3©l*Jg|5fC 1 ooeJcMX^ y h#ffM3n, MX2* 
^©(*gSP«c»*.#.4^b^o^J»f^g7 -Y >{Cf9-> 

T*3fr££fa#ft^«i3-t±-t, Mfc^*©^* u 
-if*4flnx^®»tcBgl*T'5 c 4cc j: *j , wm^-m? 

BJ&2ii, ® t )&>}&nz#y MHKDffifit©AS3©A 

*3(c-rs/c«>{c, wmmc*.*'*-*'* \s—*fyt(om 
^,©tB*fw^»jas©A# s £$m-f -£jissii^& 
4, adm#etajUEaw^SKj:>)a0i3 

n/cta^W^iStiiiSOA^ 3 i ft Si 5 fc^ft^gtcO: 

^^•jux u -+f3fe©«*."S©fB*f^»ae©A* s 4 

[0 02 2 ] *I%bjcc^^ HUHK: J:^tf, ft 

o^55Stax*--v hr^©siit©A*3©A^ics^c> 

p^^^khx^-^ hpa©ffi«t%c©A*s«:-rs 
fcsMc, m&$mc&*>*>\'* u-f*©*3t*©tB*f 

SvSff^PSJc «t 0 ?S# 3 ftfctB*t&&»jtg©A* 3 4 
fte J: *> ic^tt^gfc J: S/n-;L-x U— !f*©^**©tB 
*fW»ttil*(D**S*H»Lrc>S. iot, P<3& 
hP*©SBi»4HffS©At3«ci-ec4*i-C 

[0 02 3] ^WtC^S U-tfUDXSIgCcfcO-C, ii 

wttzmmm^w&fottz. % C 4*i-C* 

cti(cjcn«, ftr)£5&ftx*' :> Ha©ffiiB©A 
* 3 ©A^3 >T U - if JjOXtlg^ffifP 3 -t* 

^, U— lfax»{c:tBSW«)»«l«a**D*Ci3WCjr 

[0024] *muc9hz> v-vrnxmrnit, ^>v^m 

3fejS^6tUi^3 *lfc^Vl/X U-1f*©SI*^©f-^^ 
7-SfgASl x l 0' (w/cm ! ) W±JCft5J:5(C-'-> - ;UX 
U— !f5fe%»3t-r2»*^g4. *7t^KfC<fct3»^3 

XU- If 3fc©l63te.£ 4 W«C«* 3 -ti h #ib^g i . 



[oo25] *»racc«* u-ifttxiigtc^n^ m 

[0 0 2 6 ] *«wtc«a *f *DX»«*C*J(r»r . ffl 

[0 0 2 7 ] ±EO-r^rO#»9!«Cfll5 U— tfttJXS 
JDXS*ft!gjOrta5fc*sl*"C^^ * ^^4L/«t^> 

[0028] ±fa<DT^ro*^cc^5 u-tf/rax^ 

■ccfctitf. ffi^^ftlx^^ HH<D8BSI*Hffir* 



C7) ^2 0 0 2- 1 9 2 3 6 8 

12 

^r«M««4iB*£ L/cJ»X*f*«!©ej»rdSgS<!:& 

o«Bf«* tn^ 0 

[0 02 9] 

[0 03 0 ] Wf40IRjRO/0 -v^EccfcO fe^cT- 

t«4K:RiR^i;5*fr«hi/>E 6 r*4. 
■TSinhv >E c <03fefi : (n= 2. 3. 4, ■ • - r* 

(W/cm 2 ) WAtihT- 
9rty-1ggtifi 1 X 1 0 8 (W/cm 2 ) &L±<D2kft-c&/t?- 

*#j£0«IH8R (W/cm 2 ) ri£££ Q 
[0 03 1 ]C(DJ:^ &^*^«RiR*#Jffl-r 4*36»» 
filters U -*fMX<DMmiCH>xm 1 6 ^ffll^T 

30 mmrz. mi^u-^mji^oiiuxM^iowmm 

^ /cKS^T'^ 0 4 H 3 « !f Jnxa(OJlDXSff*i» 1 
CD^Fffi^-C* 0, 04»03 CCST JDXStftW 1 <DIV- 
I««So/ciffiit^0, El 5 «BI 3 iC7S^BuX*f* 

!»l©v-wKCcJ9-r>fcBranBlr*»3, msumwiztitc 
J0X*f*ft 1 ©TBBHr**. 
[0 03 2 ] 0iatf02CC7n-f flDX» 1 

©ii3^MK^7-r>5*^^ e mv&i^uy 

40 — *fttlX«, ^5fe^»lR^i;*^fr-CSlIXjFt*«Jlcr) 
rt««c**^pft^to*r U-lf3BL4ftIXSt*«j 1 tcflg 

3^U05^ LtcmWiO ZtVfo& a 
[0 0 3 3 ] U -If TteL^^JBf^S^ Y>5te?S^T 

«lifS7>f > 5 &c©-3 rJjnxM^ISf l ©F^asccco^ 
50 ^•la»u-if*L*WR«ci«cj:0to:#»*i 



13 

*t*« 1 &c u— y*L*aia3ttttix»*«j i <dwsbk: 

-?t k J!lPX»*^Wl(0*ffl3'rtt^--■W6l*^ai^£' 
RiR 3 titt I -C, »DX#f Mm 1 cd*E 3 #igffi-r & C 

[0034] »nx*t*^f i commot^x, tnm-r&ffi 

r\ El 6 sc^frr A 5 ccifc«ra>h $ Uf) riinx*t*«! 1 ft 
CC^iW«e«ft*38*3-tt*Cift< jS0XSt*« 1 com 
[0 0 3 5 ] «c*j % 3m«Mt*r!a££ OfcftIXS*»»<D 

rtnx«*»«c*ifi^^*^i^ftait&o. »ux 20 

c figi^x S C t ic cfc 0 mfct) £ 3 i± ft: 

<0~?Z>C ffil<D SSI^Mt^C 

i J: 0 . S«««*|a* <b 0 r »X»*^(DB?M^^ 

[0 0 3 6 ] St, *jlttJPJ»CC*jC»r^*^KiD?«: J: 
0»«ShS»H««ilt, ( 1 ) - (3) 

( 1 ) 3X«SBR<D^^ * 

40 

U - If * * MX^fef ( «*. S* */ ^ * Li Taa 6 ft * 
•IKItttrts 1 x 1 o 8 (w/cm 2 ) M±Xfr-ortj],xfflfi 1 



2002-192368 
14 

#M^So «#M&fi©±RBfl<!:0r«\ W*.«l 
x l 0 11 (W/cm 2 ) r**„ ^VbX*|tt«it«lns^2 

0 0nsiWfiF*OC». &*$. *^!M«C<fca**»*H 
«OJBfiS«. #4 5HU-1f^XW3fc#Sfcft: 

1 ( 1 9 9 8?. 1 2/3) CDH2 3H^JH2 8MCD r@ 
*u-1f-aHB«K:j:4^^*fi<Drt»v-*>yj 

[0 03 7 ] Hl?&jg£ *5 7 ^CD*#£ 

(A) flnx*t*«! : /*-fU * (MM) 
(il£7 0 0(zm) 

(B) U-lf 

3fe3H : *3W*U— »ftteNd:YAGU— !f 
ffiS : 1 0 6 4 nm 

U-tf:**** hKffiW: 3. UxiO" 5 ^ 

«&*>igOjg«afr : 1 0 0kHz 
^VUXipjl : 3 0 ns 
ftfcb : ffl*<lmJ/^;l/X 
U- «S,S: TEM)o 

(c) »*^U>X 

(D) »PX»»W^18aBSft5«sat&(0»ttiaK: 1 0 
0mm/# 

ft*J, U~1f3fciS»#TB*,<fctt, «*tt#»*< U-lf 

[0 03 8]i7 tt±i^»©3tgS%7St^7 7 r* 

Ix - If zfcU ©tS^*I« f - ^7 ; s 9 -SJgr* 3 ti 
€> 0 1 !f*cc J: 0 ftiXSta^ortSB 

5^uti^ 0 b&m&*) z^vzm 

<Di%m& 10 0(8, HPS (NA) 3&S0. 8 0(Om^V$> 

(C) ©«**i5 0«, BSP» (NA) 3&3 0. 5 5©JS^ 
t?^>^ 0 t'-^^-»10 :i (w/cm 2 )fMg^6 

jnx*f*jgjcortsi5tc & ^ -j 9 x# v h tm& 

[0 03 9] ifcOC, **S60S8CC^4 U-tf Jraxtcfcci 
^Cc, *3fr?«jR7W* D S *frrftlX»*«1 1 OF*g 

W(cny6*F£^to«r u — tf3fcL*tox»*«j 1 cckkw 
or ftjK^S^ >5C"S-> rrtgaw: ^ •> $ mm 9 *fl5 
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£l,T*^v*#3 6K:jflE«U m 1 QtfCTjk'FJ: 5 let* 
v v *#JUI*t**J 1 comm3 iII2 1 fclflgU Ill 

i i cc^-rjc^fcflaxJtm^i ^innsciuccfcoijnx 

«5 Cc *#atta 3 ft £ C <t Cc J; *3 fijfit * 4 . 

[0 04 0] < 2 ) atSffi«^«Rt«iSffi«(D»^ 

1 x l o 9 (w/cm 2 ) «±r jfr^^xipS# 1 u s 
«T©*fl=rra«fr*. c*iCcJ:Oftix»**<ort»B: 

1 x 1 0 12 (W/cm 2 ) r*4 0 1 ns- 

2 0 0ns*SJf* Ll^o 30 

or **■ 

[0 04 2 ] (A) J0XSPt*«J : S/y3>«)*^ (J¥3 

3 5 0 urn, ^S4-T>f) 
(B) !f 

3ftK : *»*U-1fJBjl3Nd:YAGU-1f 
Kfi : 1 0 6 4 nm 

U-1f;)6*if** 3. 14X1 O'cro 2 

AfiBflt : QX -f sr *-rOb* 40 

ttOXOnjffiR : 1 0 0kHz 

^VUXifl : 3 0 ns 

ffizfr : 2 0 MJ/'^b* 

b TEH, 0 

mm: 5 0 ts 

m: 0. 5 5 

(D) JDX*f 3 *iStt«#©»«|jgK : 1 0 50 
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0tm/& 

mi 2«±^frr©u-innxK«fc9WK3ti/c^y 

a > «J ^ cd— SB$c w § Bfffi(D^K^a 0 /cS T'# 

i) 0 s/'ja>»)*Mi 1 ©rtastcflSMWfflffi* 1 3^ 

a««o»s*i«i<o*:*3tti 0 0 ummmbz. 
[0043] mmmmim 1 3 ^^j-mmcj: K>&m 

y =1 >s«ortsso jsjft* <b ©ia«**-r y ^ ? -c* 

•;^>SSCD/?^^5 0 Mm, 100 am, 20 0 /zm, 

5 0 0/um, 1 0 0 0 Mm©^^ccoiir±iang^^u 

[0 044] Nd:YAGU~1f<Dj&Br&& 1 0 6 

4nn*C*5(,»T. > V 3 >g^R©/P## 5 0 0 u rnfeiT© 
^> y a >Sfficr>P*3SBr« U — ifSfcW 8 0 %tUJt 
i8t4Ci#^5 0 01 2{C7jrf^y l l 
©«3»3 5 0 /2nfCft£<D-C, ^*-f-RJR(C<fc SSSfl 

if$20 0/xmO^yr3>^x^^##(C-r^<!:, 90 

%«±&cdt\ u-if*^^y n>^?xM l lcDF^gPT- 
nr, SM^fflSB«^^ y a > ^ * ^ l i coftmcBtR 

I6 6f (20 00^4^) CD® 7 21-H7 3 M(D 

r u-if tCcfc^v' y 3>©Jrax«Bttwflij 

[0 04 5] ^J3>«)x^ fflj^Iil^ 

Mx»*»©rt»^»ii^a««4^-rs»^, 
[0 04 6 ] ( 3 ) &mmmm9rmmtm®<Dm& 



(10) 
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*£*>1±-C. IIS3fejSCc:*jwS«|^^K3&si x i o 8 (w/c 

rtauc^B c s a z t . ^jt+t&mc <fc a* * ^-asjss 

RttibTtt. 1 x l o 12 (w/cm 2 ) ~C#£ 0 ^ 

^^*S«W^« 1 nsfcTFsWff* L < , 1 psfilT^S 6fc 10 

*4 2HU-1f|»»DXW^«&X« (19 9 7 

i i^) ©m o 5i-fi i mo r7xAh» 

[0 04 7] «±©J: 5«C3fi«BPJB«cj:tiH:, 3W« 
SR« , u -Sitcom OiML S ■{>/ W 

[0 04 8] ^;P^U-1f*©«0iEL/JBaa»tf (H 
z) , JfflXStfSlJfJacDtftt Xr- ^XCiYf i X r- - t^cD^tt 
ilg£v (mm/sec) i"r^ 0 C ft ^CD^ffijjl 

*7*gB#£7^ hit^ c <fc^r, WW^S 

•7 ^ > 5 <om&&2 $>tc o tcj^as ft £ # 7 ^ ^ v 

n= f/v 
P= 1 /n 

[0049] cfc-^r, ^i/^u-tfjeoaioiioigiisa 

»*f (Hz) -r^Ci-^^r-^O^Kijlg^v 
(rrm/sec) < 3" S C ±CC <k 9 % fcr?^p£/h3< 

SHrtrc#£ 0 jgfc, «0Sit/JHift»*f (hz) */h$< 

TSCi-^^^-^O^SfriaS^v (rrm/sec) 

-r^cicc^o, fcr5r*pfc**<wtre#s. 
[0 0 5 0 ] ic^r, t*-v^piftJWf^7-r >5^r 

-il6^t3|f3W6 e ai4-Hl6tt. 
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i?£>£ 0 77 7XrH v h 9 05* 1 a'WO^UI/- 

^7-Y>5tcS- 5 r^j:vtc^$ft^cicccfc 
0, 9 flirts ft*. 

[0 05 1 ]B14tt, tf-y^pj&s-5t?acU:Q**C»»d 

or^x^aticDrtSBtcKMK^^3ftri^ 0 hi 
7 v 9 «w»r^7 ^ > 5 iciQ -o zmxztmfyxD 

j&2ftn>£ 0 

[OO5 2]014{Cj:ti«, ^7^«9W 

^7-Y>5^©->riisiuri^ c co^r\ ^JK^^7-r 
Mr*t»»©-n > k y > yasgg <t & s„ a 1 5 ro'h 

16teJ:*itf, 77^7«B«9^»r^^7>f>5Cc?9 

U/cffilX*t^CD^»f^B<bft-S> 0 
[ 0 0 5 3 ] 0 1 4 CC cfcft^t* y ^p^^-ffidcfc 0 < 
3ft"C*5^, H 1 5Ccj:ft«t' , ^^p^^tadi^L< 

4KO*DS««^RtC^3ft/t^7^^^d<^ h9 0 

*^W*(cJ:fttf, /^;l/^u-if3fe<DflS*fic«J:i3^ 
©1RC0* D ^> ««*s«CC^JiR 3 ft fc 7 7 v 5 * # 
b9 0 C<D$I^C0j5$ft^7 7 >7X4< 

S i , »nx^a^^^i»f^7 ^ >cc»o r«fflcc«jK 
So HI 5JCctfttf % vZZtf y b<D-t 

[0 0 5 4] «±BM8Lfc<fc 5 CC. ^USaB^CJcft 

cicci:o, t^^p*«»-r*c<b3»s-car*. cftcc 
^A^cifCcfcO, ttx^fi^ccjSD/cu-ifjinx^pi 

^7 ^^^^^ hcD^r^u/c^, Sl^s^ 
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[005 6 ] wc, *9@ftj&iHccft2 *fanx*g«ec 

TINT'S. 0 1 7«C<3DU— tfjnxggl 00(7) 

«BS«fiSEir*^ 0 u-ifjhix«ki oob, u--if# 

L*#fe£T*U-1f;fcjBl 0 li, U~lf#L©ffi;fr^ 
^^•l^^Wffi-r^fca&CcU' — lf3feiH 1 0 1 *W»TS 
U - Ifft^JffllgP 102i, Is -If It LCDSWtStB* W 

^^-103 "CS«3fifcU— JfltL***-*-*** 
mu>Xl 0 5 4. **fflU>Xl 0 5tl^n/cU 
•-■tf*u&sjBlHSfi4J|jx*t*«» 1 #*K3ftS»«£ 
10 74, igg£l 0 7*X»*rfil«:»»3liSfc*cr>X 
ttx-r-^ 1 0 9 4, 1 0 7 im^^cm^ir 

®£ i o 7^rxffis^>itt^^iccii:^-r^zi*^^^»i 

3i*£/c#<DzttX^-^l 13 4, Cti6^®Xf 
-^109,111,11 3©»»*«»-r6^^-^«| 
fflJSffl 1 5 4, &ffi?L& 0 

[0057] i<-*r%M\ o na^;u*u-if3fc*»£ 

r*Nd:YAGU-1fC*i. U— !f#« 1 0 1 tCffl^SC 
4#r#3U~1f4LT t CcDffe, Nd:YV0 4 U-lf-^Nd: 
YLFU— !f^^*>1f7y-fTU— !f#*S 0 * ^ ? * 
««^iS««yi««*^-r4»^ Nd:YAGU- N 
d:YV0 4 U-lf. NdiYLFU- 1f*fflli*<D*SSf ffl-C**. 

[0 0 5 8 ] U-1f5feag 1 0 1 WQX ^ ? 9- U-1f~C ^ 

So ai8tt, u-if^i o ucfi^en^Qx-/ * 

jeiaHBitftWTiEKStifcS 7-5 1, 5 3 4, 5^- 
5 1 i^7-5 3 4<DfI8CeBEg3ftfcU-* tFMSI5 5 

4, \s-ifmM5 5icmmm<DAfi*mzzmmm5 

7, U-1f«»5 5 4 5^-5 1 4(DWtCiag3ti/cQ 
^^ ^59i, £i!x£ 0 U-1fgim5 5<D*t»«M 
Xj£Nd:YACC£>£ 0 

7S< bfcttffirfirejgs 7#>6JSr®A;fr£U--tf f *Kft5 
5&C»D*£C4$CJ:0, U-1f«H5 5(DS«»ffiS:ff 

rftffiscDSife*ffi< Lfe«ascc-r*c4ccj:o. mm 
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>T **5 9^Kt>ttJBfcft5J:^cc«IiBlSns. 
IfjfciHl 0 1^6tBif$n^^;i/XU— if^LCD^Oig 

oaassRS:Mgp-rac4^-c*s. u— tf^s*raian 

0 2^«a««^so-«4&a ll ttoiiwasaK© 
hss». u^ifaix*6§^affi*^rttW"r4^»«i 

*3*A;frr&C4KJ:r)&3*'i5. J^#U-lf*jl 

1 0 lcDffrfrc**. 

[0060] tf jnx*, ftjx*f*i» 1 ^>#a^^j^y 

«rtrffiJ^tt3lfSC4tcJ:0, §J»rP^7^>tcf&^ 

S^tt<Diia*3885t* SC4^r*tS 0 £/c, \fi#|Rj 
ic&KffimZtefgrtrZmei* YUxf-^l 1 lCD^Ki 
ifjg£pgpir£c4tcj;9, ^*U-1f*D^,£o 

♦»ffl»«i©auttBB'r*c43Wrfir*. cn^co* 
^-^cD^aiiKosiasttx^-^Maisei i5^<to 

•MB 3*1*. *^-^fflgpffl$l 1 5 «ilS3S85*S©- 
#J4ft£ 0 jStt©i>gB«, U-1fJnx^ScD^*^S 
"CSHB^-rs^ftSijaigBl 2 7fc*-«F-K*?£jB<,>ri£ 
tt©*#3£A;fr^SC4teJ:9&3ft«. ftte, »3fc 
£j*«WpJffi4U ^cr)^»iia^Iilpt-^C4&CJ: 

-rsc4^r#^ 0 

[0 06 1 ] MIo^tmXMWm 1 ®^M3 4ittST 

a^isrftor. miMwm 1 ^aw-t s u— ^lom 

*r«I^tt3-a-Sc4icJ:0 1 ftlXSt**! 1 U 
-1f*LO^^P^t)-t±^C4^-CtS a CCD 
»36jSp®xC0***RI©»»«, flDX>Pta^ 1 *xcy)H 
x?-isi 09 din tcj:0xcY)iiirtrrsi(c»i63-i± 
^>t:4CCct 5 3tT'5 0 XQnfAzr-v>i 09 (111)^ 

w»*«o-«4a*. 

[0062] m%m u>x 1 0 5 ttu*^s©— ^r* 

S 0 ZlitX^^l 1 3ttU-1f3^»^*JDXS*fl 
0 5Sr2***|fil{C»tt3^5£:4 5cj:- 3 rfc, U-lf* 

oai^*ftix*tft!Kj©rtaij{c^to-a- ^ c 4 * & . 

[0 06 3 ] IfttXSSBl 0 0Si36K, t£g£ 1 

0 7 tei8B3ftfcJrax*t**B!l *wa*«K:j:0JHWr 
Sfc«>«CPl«3eiB*»iT-5«Slffi*ffll 17 4, $s{ 
Zn4v$^v-\ 0 3MMffll/>Xl 0 5 4(hIG 
3K«i±fciBiB3n/coia36fflotr-A^^i; l l 9 

4, 4fix^ 0 t-AX7 , 'j7^119iI*fflU>X 

1 0 StcDmicmznj 7^7-1 0 3#BEE3*i 
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^ 1 1 9x~$&ft&mtt2ti. ctosanstitcoswtm 

ifi*f4 5K2 4 »j 9x 1 0 3MMfflU>Xl 0 5 

[0 0 64] U-1fJ[JX=£ggl 0 0ttS6«:. fc'-A;* 
:/y 1 1 9, ^OP>f ^$7-1 0 3Rtf*# 

T «WA CTDCcharqe-coupled device);^ "7&$>Z> 0 

10 3, t-A^^y^ngj&iigu *£&U>X 

1 2 3t8tsntffiMf 1 2 it*»»?n 4 Jgff^ 

[0 0 6 5] U-lfflDXilSl 0 OttSfctC, fitftsfrf- 

1 2 l^ea/jsnfcfiWR^^^A^sti**^- 
*tmm 125^, wnxasa 1 0 0 20 

#»1 1 7Xm&L1£m^<DM&&mm3±.lcGt>i* 
Crx^-^ftfltBISSl 1 5#zlAxf^>>l 13£^»j 

SP12 5«, »#^-^^S5CLT*H3CDj£^:B^ 

#129fCi£6ft£ 0 cnk:J:^ ^^^12 9«£A 
[0 0 6 6 ] ±«Mffll8B 1 2 7 CC(i, ^ftlffllSB 1 

ffiBMfSJSB 1 0 2, W3Rffl36«l 1 7MXr-^$ijM 
[ 0 0 6 7 ] m 1 9 «^Mf9flS 1 2 7 <D— WkD-fflS# 

^t^p ^at^s fl -£&mwm 1 2 7 ttEfKXff 

SB 1 4 1 % ^t&iBtSSB 1 4 3 RumSLfmSt 145^:1 
LS^coA^^SO'^-r-^ 1 0 9, 1 1 KDglftii 

[0068] a?ggttin»^ 1 4 1 y^u/c^ < n = f/v, 

P= 1/n) ^WLti^^IX^, M8JcDSg8i 

(t'^^) Emmas 1 4 i« t c<omm 50 
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1 2 9iCjl£ 0 Ctl5C<fc0, ^^12 
9 CC C JA^J 2 *itcm : mk<D A£ S R^'iiScD A * 

[0069] *fc. c<Dmto?~2\*mm*f8m 1 4 5 

CcfciS^tiSo ^SfElfSBl 4 3CC«^CCD^— If a 

& a n»fffij5«B 1 4 5 coggm^- * iTHiieusp 
m t t k j: 0 ffj^s s n «5fc««Baoia« -7 s - * * re 

f&L^^ 1 2 9&Ci^& 0 cnccj:^, t^.^l2 9^C 

[0070] mtmun uiw{ n = f/ Vl P = 1 / 

1 l l©»«r*KiSc*x#^ HH 

coffiiii©M«%^»agL/c7--^u*re0to, 

^Of^tBmWMl 4 1 «CE«31*4. m 
K)&Omfo&<D**2&&Z7~*sl Q9 S 111 
*ftiSEE©A#3*sffi»a»3l5l 4 lfcA*2ft&C£Cc 
J: 9, EffSmtflSl 4 l»±E^-^;KDcp^6Cti6 

C0 0 7 1 ]tt*J, «5iiLH5SacDAtSSrHffil/^ 

14 1 Ccfc^riaiLfcSC^f'-^i/^c^ciCcJ: 

[0 0 7 2 ] «±CDJ: 5 CCH 1 9 1 2 

7 -e ^ o il u sagiS: <D A # 3 * f - - ^ cD^KfiiacD 
A^^^rA^-r^CifCj:^, i^^^lX^ ^ bflfl 

[0 0 7 3 ] 120 tt^ftSiaSP 1 2 7 CDffiOWO— SB 

»*^^a^ir*5 B ^*Wf(ja5i 2 7»M%ft 

MHLffil 4 7 41^5. U-1fflDX«B©are#»+- 
^C^OM^iHSSCl 4 7CC«0^5«»^^ 

C (DAJllC J: 0 ^»StlVas 1 4 7 «±3BSC*f' - 

^igSK9»SB 1 4 7 ttMlfStifc^- U— tf*WW 
®a5l 0 2tC^^ 0 COa?«a»0^:*3CCjH»3ti3fcU 
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12 9&c&316ft, z<ommk<DJ:%$i>m7riZti2>a 

[oo74]@2i «^j*wap» 1 2 KDZbicmoim 

»K«*W1 4 9*flM.4. ±K<fcHttfcRD£5«B 

auxatgasi 4 scions nfc?*- a? 
s ^cpgp s n/c if jni**e jtwi*r*«j* ^ -if /w 

1 2 9&Cfcj$6*i, C<DA?- 
[0 0 7 5 ] H2 2«i*(*WW»l 2 7 <D $ h^mom 
ffl#£;b-l*S*MPl 5 l£fSx& 0 B20»yH2 1 <D 20 

o &k x * * h raoE*©*;* $ *fi«^3bttatiicffi i 

5 ncA*"TS. 1 5 n*±iE*^f* 

[007 6] tt*^*>*«#» 1 5 1 ffiSSSn/cf- 
**U-1f*iBlWffl»l 0 2aCJf^7 ! — 1 5 
Kg*, u -If %MM9l%i 1 0 2 i*S*3 titcB DilU 

KO^^i&Scfc^CC^f 1 — ^ 1 0 9, 111*19© 

ir& 0 cn^ofHffi^^snfev-ifaxsgErjDXW 
hlB©B»*»fa<D^:»SCc , r5ci^r#*o iSJ*3 

[0 0 7 7 ] H 1 7 aO'H 2 3 tffl^t, 

»JBK«5u-tfsnxia*ffli*fcp-tfaix^ffitsi 40 

ejlTS 0 H2 3S, C©U-tfWX*ffi*KW'r*fc» 
(Dyv-?*- Ft^^ texMft&ltt^'J:*:^* 

[0078] »&xst3Ms 1 ©^iR^te* ei^l 

t^gOU-1f36L4l%^*r€>L/--!f*«l 0 

(SI 0 1 ) o JjDX#ft1»l<D/SS*ifflST 

<D»i5Ens*acwraxwft!» 1 <o/s« mzmtc u 
t\ »nx*t^ 1 cDztt^fSjo^ffiftfi^^-r^ (si 0 50 
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3) 0 Ctltt, U-1f*L(0ll*^R^»PX*fm«9l©F*i 
8BCC fig 3 it & Jc* 6C, ft!X*Mk«5 1 3 K 

4 U-lf jeLC0***4»!i<b Lfcj»X»ft^ 1 ^^t^T 
|SKD^S&ST*£ 0 CCD«|»*^#WffliaJl 2 7tCA 

[0079] aox««!»i tf»n^a 1 0 ocom 
pjsafeift^stt-ciipxajfcaiijHwrs (si 0 

5) . jHeBSn/cWK^^-Y^S^tranXStAWl 

©*BS3*a«*^fi 2 i^j:*3swfc'r* 9 c©»«^ 

-^cca^rttfR^-dr^Si 2 56i«*ffl*Wl 
1 7 ©pJtl5KO^*saB 3 *cf±g T & J: 5 JMfoS^- 

z*mm.?z> (si 07) . 

[0 08 0] COi^f- *ttXf— 1 1 5 <C 

mci,xmxT-is\ 1 3*z#^cd^s6^^4 (s 
109) 0 cnccj: . mmxm 1 1 7 <7>pia*o«£ 

^*ffi3CCffl«-r« 0 JflftT^^ftyBPl 2 5 

B^^-*«C»-3t»r. «WrPS^^>5S:^*lIX 

^•lo^ifflscoit^aifc^-iftair-r*- c<z>i£ 
»f-^(i^a«i 2 7^/ri-c^^ 1 2 9 

[0 08 1 ] 2 7 >^Sl 0 

3 ftfcgftlf'- $^A* 3 tit *i 0 , CCD# 

t^flWi 1 sticowttM^-drKa^r, u-if 

*LO*^^ttX^a^l^^i^^{4^C, ^4 
xr-t? 1 1 3 oc<fc »3SnxS«M9 1 tZHttriRl(c»tt3 

■a-* <si 1 1 > . 

[0 08 2 ] &cc, 1 /^1/^<d^*;p^ u-ifrj&iRSti 
r^co^M, -^po^s^ta (si 1 

2) 0 ^»^p»*MX»*Wl©»S*«W*#lil/ 

mm 1 2 7 {cA^T-5. 

[0 08 3 ] U-1f jfc« 101^6 U-tf*L* 

j%*3^-C. U--1f*L«:ttXS**«!l(^BS3©«J»r 

•?3£7-/>5ccB3*f-r*o u-^*Loabi£^rtainix*f 
*«jl©rtBS«:fiiIL/r(,»i©-c, 8IW9ffi«i^)IIX 
*f**Jl©rt»CC©*JBja83hS. fit, WK^^ 
-/>5^?Q^<fc^CC>#4^T--^ 1 0 g^Yfi^r—^ 1 
1 l«r«tt3l*r, »B»a««*«J»rP5e^^>5K: 
»9J:9«:j!inX»*«l©rt»CcJB/S-r* (si 1 

3) . fOT, fflX»ft«lltWBrFS^-f>5K?&o 
rfttf^cicc^o. »uX>rt^l*W*T^4 (si 1 
5) B ctitCcto, Jrax^^i >?y7'ictt 
m? 4 0 

[0 08 4]$^M$«W^ C^Ccfctl 
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5^>5{cms^0-cc^ o fir, xixt-yiog 

^f-yi 1 1 *«tt3-tf&Ci«CJ;f3. «7fe.^.P 

m k. fgj 6 *»<DiB^*i * s £ . Jjnx*fm$f£ jt«aw> § & 

£ * £ u x Wfi^-n 5- ^ > 5 k?b r jjdx**^ i &»i 

* c £ ic j; sj . ttRW/hs t£t>vimi^m.m i SrtaK-r 

■2>c£#s-CS£. C*a(C<fc«5. flnX*f&#I 1 ©«ffi3 K 

c £ ft < »ii*tjw» i 6ci*iTts. 

[ 0 0 8 5 ] 2R«6»!»«:j:titf. ftDX*fflfJ 1 

ic&ftj-mi&*mz s«4*fr-c*»-3jox*f*«i i ©1*1 
xttm&a i l . floxft*^ i ©^ffl 3 x-ajvisz 20 

U-1f*Lani£^'M3££nfti,>©-c. ftSm^RK 

Msm-cmm 3 jwjsimtiko ^ - zct wft 

[0 08 6] W_h^Cfcj;^4C*|tteJf5SgicJ;nil*. 

ssumti-pmw}'^ d •£> c £ & < . ttix^t^ 1 

flttfc:F ! ^&«*i*?^*s£t;SC£i&< . 
^£¥^&^^e>$9ti}TC£#t?#& 0 itffiK 30 

9 * '^mM&<Dm7r&w&j&j& ztitctf??. k«© «t 

-y^thm&x&Z. i^T, *HJfifl5SI«:J:ntf. flu 

[008 7] *fc. sHUKBflMCjitia. Uni*WW 1 
©^ffi3©$K^t^>5ttSIi>Lftl>©-C. SJIft^ 

m^^osom (c©iia. mc*^^^©*! 40 

S<"CS-&. Cfttc«fc»). — ttOJSnXStftft 1 *>6fl*i 

sns«i&©»*a9*.. sa n D D ©£»£isj±$tt£c£ 
[0088] sfc. ^^^^{Cctnti, tox*fa® 1 

OWJilKU- tf^filt^-SCD-C, y-f-^*>F*5» 

* 4 fflt >fc 4 is > y J: 0 4>ffi?iftflDX*iBj^ £ -2. „ 

fl^Wr* o -C4> . *3UfiJB*(c ititfWWail* "Ifi8£ 
ft5„ cn6©3^*{3:ft{ci^Hj-reMr4>|3]1ir-4>S 0 so 
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[0 08 9] **te^SSCC«t*atf . ^JUX u — tf 
0 9. vfixf— yi i i©««ijia©A#3©pg5«: 

X.Z>Cttc£K)> SWtCj£C/dtoX#T!Jg6£ft5. 
[0090] 

»x#**©«ffiK:«ii-t»«»r^9 -c e^n/cw 

0 £ C£ ft < . 1)QI.ttfi®Z®m? 5Ci))!T» 
JCoT. taX#m^£$KT6C£i£J:D{'f^3ft 

£*5-CtS. 

[0091] *i?iK^u- ifflnx^aKjrntf, n 

jux u-^3fe©ai 0 j!L/JliS^©^:*3^^ , Ji'X u—f 

r S C £ 

flDX^mfJtCft; D ft:^»rJDX*SBjt6 i ft h. 

[oog2] -$.mMt%& u-vrnzmwic^tiit, m 

[0 09 3 ] &muz.%2> U— tf J}QXilg«: «fcn«. B? 

HfS©Sgst©A^{cS^»-c^-;Uxu 
— !f*©«Sf3iILJS^©^#$^<;UX U— tf*©» 

^©ffl»K^sbjaa©^# § ^pigii-r^o-c, c©^ 

[0 1 ] *Xtrett«:ftS b-lfJinXKiJ; tflffl 
xtp©Jux^%©^Pffiii-e*-5„ 
[E2 ] ei i (c^-rflnx*fa®©n-i«?&-3.fc»rffi 

[0 3] XmzBmc&Z, u— tfjmxcc J: S U— tfftlX 

ft©flax^t^f)©¥®0r-* s . 

[04] 0 3lc^-TJjDXM*:f5©IV-r^K?&^fcffS 

0-c*e„ 

[05] 03{C^JnX^^©V-V^{Cf&-3fc»fffi0 
[06] ^HftffJlBK^^b— tfJDXKcfco-C^JKSn 
[0 7 ] *HJrSJ^SStC^^ b-fJlKcfcWSIMg 
[0 8] *H«gff^CC^^ b-ifflDX©^ 1 IfifcfcW 

[0 9 ] *m&Bmicmz u-^nx©m2 x«fc*jw 

[010] ^SfJSJfJSiiicfiSiS tfJjDX©IS3Xg«:fc 
w s Jrax*tmw©Bf E0-C* s . 
[0in *mmn&iic{&zi'— tfftix©^4XfiK:te 
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[012] 44ltn$fll€cA&u— tfSDX«:J:OW»f$n 
fcV U ^ > ^ * ^cd— «Cfctt£»rffi<#¥X£3l L/cH 

[013] ;*^JBfcSS«:(£S u— tFSnXKfcttS u-if 

[014] *^Jfiff$S8(CfSS u-tfjnxcc <t 0^5^ 

[015] ^Jtof$J8cc^SU-lfjpx«:<fc9 * 
««^«3n^lJPXSt«lia<D^Br?3t^ ^ >«C»ofc 

[016] *JHI0ftBK:ft& U-lfJlPXtc^ 0 # 5 ? 
fiBWi^flt 3 ft fc^XttflfecD^K^g^ MC?So ft: 

[017] ^J^«*c»SU-1%xaiaiO<RIIS»Js8 

[018] jgowAccflts u-innx«K©u-tf* 
astern* 6ft so*-/ y^u-ifo«[BS^0r**-s o 
[019] ^mm&%&v-vmjMm<D±wmm 

[020] ^*te^^tc^su-if»nx»g(D^$ija* 
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[02 1] **lft^«8{C^SU-lfjMXit*c^ttftlJffli 
SB<D3 6icfl&oWo— 35»47S^-^d ^§r^^ 0 
[022] #SttJ&JRicffiS U— tf»DX«g©^ftSfI® 
ffl(D3 6tcffi(D««cD— 8R»*^"T ? ^0-C&£ o 
[02 3 ] *^l*^jBfCffiSU--lfMX4Si?B-rSft:a?) 

[024] *|?j6SJgfflfcfi64 U-lFJilXfc <fc D «JK pJSE 

10 & 0 
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9 • • • ^^it i 
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